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(57) ABSTRACT

An clectrode for solid polymer electrolyte fuel cell com-
prising a catalyst layer comprising at least electrocatalyst
particles (3), a supporting substance therefor (4) and proton-
conductive polymers (1) and (2), wherein the proton-con-
ductive polymer (1) is present in a primary presence state in
which the proton-conductive polymer (1) covers the elec-
trocatalyst particles (3) or the supporting substance therefor
(4), or both at least partly; the proton-conductive polymer
(2) 1s present in a secondary presence state in which the
proton-conductive polymer (2) binds the electrocatalyst par-
ticles (3) to one another or binds particles of the supporting
substance (4) to one another or to the solid polymer elec-
trolyte membrane; and the melt viscosity of the proton-
conductive polymer (1) is lower than the melt viscosity of
the proton-conductive polymer (2).
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ELECTRODE FOR SOLID POLYMER TYPE FUEL
CELL

TECHNICAL FIELD

[0001] The present invention relates to an electrode for
solid polymer electrolyte fuel cell and a process for produc-
tion thereof.

BACKGROUND ART

10002] In fuel cells, hydrogen or methanol is electro-
chemically oxidized to convert the chemical energy of such
a fuel directly to electric energy and this electric energy 1s
recovered. The fuel cells are known as a clean source of
supply of electric energy. In particular, solid polymer elec-
trolyte fuel cells are usetful as a substitute power source for
automobiles, a co-generation system for domestic use, and
portable electric generators because they work at a lower
temperature as compared with other fuel cells.

[0003] Such solid polymer electrolyte fuel cells comprise
a solid polymer electrolyte membrane and a pair of gas-
diffusion electrodes joined to both sides, respectively, of the
membrane. In detail, the solid polymer electrolyte fuel cells
have a structure 1n which an anode catalyst layer 1s formed
on one side of the solid polymer electrolyte membrane and
a cathode catalyst layer on the other side, and a pair of
clectrode supports are provided outside the anode and cath-
ode catalyst layers, respectively, so as to be adjacent to them.
The anode and cathode catalyst layers have been those
obtained by making a mixture of carbon black powder
supporting an electrocatalyst, a proton-conductive polymer
and a water-repellent polymer 1nto a sheet, and are joined to
the solid polymer electrolyte membrane by hot pressing.

[0004] A fuel (e.g. hydrogen) is supplied to the gas-
diffusion electrode (as anode) side and an oxidizing agent
(c.g. oxygen or air) to the other gas-diffusion electrode (as
cathode) side, and the electrodes are connected to each other
by an external circuit. The resulting assembly works as a fuel
cell. That 1s, protons are produced in the anode by the
oxidation of the fuel and pass through the solid polymer
clectrolyte to migrate to the cathode side. On the other hand,
clectrons arrive at the cathode through the external circuat.
In the cathode, water 1s produced from such protons and
clectrons and oxygen 1n the oxidizing agent, whereupon
clectric energy 1s recovered.

[0005] In this case, what is important is that the transfer
and conduction of protons and the gas on the surfaces of
catalyst particles supported by a supporting substance
wholly 1n the directions of thickness and plane of each
catalyst layer are sufficiently achieved, so that electric
energy 1s conducted by the electrode substrates with high
eficiency. For this purpose, JP-A-5-36418 discloses a
method 1n which electrodes are obtained by mixing a solid
polymer electrolyte, a catalyst, carbon powder and a fluo-
roresin and making the mixture into a film. JP-A-10-302805
has proposed the diameter of colloidal particles of a solid
polymer electrolyte which 1s suitable for forming a layer of
the solid polymer electrolyte 1n a proper thickness on the
surface of a catalyst-supporting substance. In addition,
JP-A-10-284087 has proposed obtaining the following,
cilects by mncorporating at least two proton-conductive poly-
mers different in equivalent weight (EW) into catalyst
layers: a polymer with a low EW allows the cell reaction to
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proceed smoothly and a polymer with a high EW permits
rapid discharge of produced water from the catalyst layer to
maintain the supply of gases to the catalyst.

[0006] However, the advancement of a technique for
atomization of a catalyst and supporting-carbon 1s so
remarkable that the ultra-atomization of platinum catalyst to
a diameter of 20 to 30 A has been successful and that the
atomization of supporting-carbon to a diameter of 150 to
1000 A has been realized. It is important to cover the
ultra-atomized catalyst and the supporting-carbon with a
solid polymer electrolyte as umiformly as possible to
improve the utilization factor of the catalyst as much as
possible and optimize the transtfer and conduction of protons
and gases on the surfaces of catalyst particles. It 1s also
important to maintain the transfer of electrons between
catalyst particles and a supporting substance, that among
particles of a supporting substance and that between the
supporting substance and an electrode support. However,
although the supporting substance can be covered or bound
to a certain extent with a solid polymer electrolyte 1n a
colloidal state, it 1s difficult to sufficiently cover ultra-fine
clectrocatalyst particles supported on the supporting sub-
stance with such a polymer electrolyte. When a fluororesin
1s used for binding the supporting substance, the proton
conductivity 1s unavoidably deteriorated. Also when the
catalyst layers contain at least two proton-conductive poly-
mers different 1n equivalent weight (EW), the molecular
welghts of the proton-conductive polymers have not yet
been optimized.

[0007] With the ultra-atomization of catalyst particles, the
extension of the lifetime of the catalyst becomes a problem.
In the course of use of the catalyst, catalyst particles are
ageregated to become large, so that their surface area 1s
decreased, resulting 1n the deterioration of the catalyst. In
order to avoid this deterioration, catalyst particles are cov-
ered with a solid polymer electrolyte as uniformly as pos-
sible as 1n the case of the electrode for fuel cell of the present
invention, whereby the extension of the lifetime can be
expected.

DISCLOSURE OF THE INVENTION

|0008] The present invention has the following object: in
order to maximize the utilization factor of a catalyst, elec-
trocatalyst particles supported by a supporting substance in
an electrocatalyst layer are covered with a solid polymer
clectrolyte composed of a proton-conductive polymer, as
uniformly as possible to optimize the transfer and conduc-
tion of protons and a gas on the catalyst surface and optimize
binding among particles of the supporting substance and
binding between the supporting substance and a solid poly-
mer electrolyte membrane while maintaining the transfer of
clectrons between electrocatalyst particles and the support-
ing substance.

[0009] The present inventor earnestly investigated in order
to achieve the above object, and consequently found that the
utilization factor of a catalyst and characteristics of a fuel
cell can be 1mproved as follows: as to proton-conductive
polymers as solid polymer electrolytes, 1.€., a proton-con-
ductive polymer to be allowed to assume a presence state in
which the proton-conductive polymer 1s attached to electro-
catalyst particles and another proton-conductive polymer to
be allowed to assume a presence state 1n which a supporting
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substance supporting electrocatalyst particles 1s bound with
the proton-conductive polymer, properties of the former
proton-conductive polymer and a solution or dispersion
thereof are made different from those of the latter proton-
conductive polymer and a solution or dispersion thereof. On
the basis of this finding, the present invention has been
accomplished.

[0010] That is, the present invention relates to an electrode
for solid polymer electrolyte fuel cell comprising a catalyst
layer comprising at least electrocatalyst particles, a support-
ing substance therefor and proton-conductive polymers,
which 1s characterized 1n that the proton-conductive poly-
mers are present in the following primary presence state and
secondary presence state, respectively: the primary presence
state 1n which one of the proton-conductive polymers covers
the electrocatalyst particles and/or the supporting substance
therefor, and the secondary presence state 1n which the other
proton-conductive polymer binds particles of the catalyst-
supporting substance containing the covered electrocatalyst
particles to one another; and that the EW and melt viscosity
of the proton-conductive polymer to be allowed to assume
the primary presence state are lower than those of the
proton-conductive polymer to be allowed to assume the
secondary presence state. The present invention relates also
to a process for producing the electrode for solid polymer
clectrolyte fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 1s a schematic view of the electrode for fuel

cell of the present mnvention.

10012] FIG. 2 is a diagram showing a state in which a
proton-conductive polymer (1) in the primary presence state
covers the surface of the supporting substance (4) supporting
electrocatalyst particles (3) shown in FIG. 1. In FIG. 2,
numeral 7 denotes the pore portion and void portion of the
catalyst-supporting substance.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0013] The present invention is concretely explained

below with reference to FIG. 1 and FIG. 2.

[0014] The catalyst (3) in the present invention iS an
clectrocatalyst 1n anode and cathode catalyst layers consti-
tuting a solid polymer electrolyte fuel cell. The catalyst (3)
catalyzes the oxidation of a fuel (e.g. hydrogen) to produce
protons 1n the anode and catalyzes the reaction of protons
and electrons with an oxidizing agent (¢.g. oXygen or air) to
produce water 1n the cathode. Although platinum 1s suitable
as a material for the catalyst 1n present-day techniques, there
1s used a catalyst obtained by adding ruthenium or the like
to platinum or alloying ruthenium with platinum, 1n order to
improve the resistance to impurities. The catalyst, however,
1s severely limited from the viewpoint of cost and resources.
Therefore, 1t 1s necessary to enhance the catalytic capability
and reduce the amount of the catalyst used, and the increase
of surface area of the catalyst and the ultra-atomization of
the catalyst are 1n progress. In the present invention, as to the
particle size of the catalyst, the diameter of a particle of the
catalyst 1s preferably, 1n particular, 500 A or less, more
preferably 100 A or less, still more preferably 50 A or less.

[0015] In the present invention, the catalyst-supporting
substance (4) 1s a substance that supports the catalyst to
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permit transfer and conduction of electrons. In present-day
techniques, fine carbon powder 1s suitable as the supporting
substance, and carbon nano-tubes and carbon nano-horns
can also be used as the supporting substance. In order to
support the catalyst ultra-atomized, in an efficiently dis-
persed state, the increase of surface area of the supporting
substance, the atomization of the supporting substance and
the optimization of a carbon structure are carried out. In the
present 1nvention, the particle size of the supporting sub-
stance 1s preferably 100 to 5000 A, more preferably 150 to
1500 A. The average particle size of the supporting sub-
stance 1s preferably 200 to 500 A.

[0016] In the present invention, the proton-conductive
polymers (1) and (2) are polymers containing proton-con-
ductive functional groups. Functional groups of at least one
kind are selected from sulfonic acid groups and carboxylic
acid groups. As to the skeletons of the polymers, fluorine-
containing polymers excellent 1n oxidation resistance and
heat resistance are preferable.

[0017] The fluorine-containing polymers include, for
example, copolymers of two or more kinds of monomers
selected from the following first group of monomers and the
following second group of monomers as an essential mono-
mer(s): the first group of monomers include: tetrafluoroet-
hylene, trifluoromonochloroethylene, trifluoroethylene,
vinylidene fluoride, 1,1-difluoro-2,2-dichloroethylene, 1,1-
difluoro-2-chloroethylene, hexafluoropropylene, 1,1,1,3,3-
pentatluoropropylene, octatluoroisobutylene, etc. The sec-
ond group of monomers include those represented by the
following general formula (1):

Y—(CF,),—(CFRp),—(CFR'p)—O
—[CF(CF,X)—CF,—0],—CF—CF, (1)

[0018] wherein Y 1s —SOH or —COOH, ais 0 to 6,b is
an mteger of 0 to 6, ¢ 1s 0 or 1, provided that a+b+c 1s not
equal to 0, X 1s Cl, Br, F or a mixture thereof in the case
where n>1, n 1s 0 to 6, and R, and R'; are independently
selected from the group consisting of F, Cl and fluorochlo-
roalkyl groups having approximately 1 to 10 carbon atoms;
and polymers of one or more kinds of monomers selected
from the above second group of monomers. The functional
ogroup for Y can be subjected to polymerization 1n the form
of —SO,F, —COOR, —CN, —COF or the like and then can
be converted to the form defined above as Y, by hydrolysis
after the polymerization. Perfluorocarbon polymers having
sulfonic acid groups are especially preferable. In the above
general formula, n is preferably O to 2 and (a+b+c) is
preferably 2 to 4. In addition, the following are especially
preferable: n1s 0 to 1, a 1s 2 to 3, b=0 and ¢=0. There can
also be used mixtures of two or more of the above-exem-
plified polymers, and mixtures of pertluorocarbon copoly-
mers having sulfonic acid groups which are different in EW
and molecular weight.

[0019] The polymerization degrees of the proton-conduc-
tive polymers (1) and (2) are optimized for the primary
presence state and secondary presence state, respectively,
referred to herein. Since the proton-conductive polymers (1)
and (2) used 1n the present invention have extremely hydro-
philic portions and extremely water-repellent portions in the
polymer molecule, the measurement of their polymerization
degree and molecular weight 1s generally difficult. In the
present mvention, MI of a precursor of each of the proton-
conductive polymers (1) and (2) is used as an indication of
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the polymerization degree and molecular weight, an 1ndica-
tion of the wettability for the electrocatalyst particles (3), the
supporting substance therefor (4) and the solid polymer
electrolyte membrane (5), and an indication of the solubility
or dispersibility in water or a solvent.

10020] MI referred to here is a melt index according to
ASTM standard D1238. In the present description, MI 1s
expressed as the weight of a polymer that flows per 10
minutes [g/10 minutes| through an orifice with an inside
diameter of 2.09 mm and a length of 8 mm at 270° C. or 150°

C. under a load of 2.16 kg in Melt Indexer Model S-01
manufactured by Toyo Seiki Seisaku-sho Co., Ltd.

[0021] The reason why the precursors of the proton-
conductive polymers (1) and (2) are used in the MI mea-
surement 1s that the measurement of MI of the proton-
conductive polymer containing sulfonic acid groups and
carboxylic acid groups is difficult because the polymer is
cgenerally decomposed at a high temperature. In the present
invention, when the functional groups of the proton-con-
ductive polymer are sulfonic acid groups, —SO,F groups
arc preferable as the functional groups of the precursor.
When the functional groups of the proton-conductive poly-
mer are carboxylic acid groups, —CO,CH, groups are
preferable as the functional groups of the precursor. There-
fore, —SO,F groups or —CO,CH, groups were employed
as the functional groups of the precursors for measuring MI.

[0022] The proton-conductive polymer (1) to be allowed
to assume the primary presence state 1n the present invention
1s optimized while attaching importance to 1ts surface wet-
tability for the electrocatalyst particles and/or the supporting
substance therefor (4), the ease of formation of a polymer
solution or dispersion capable of covering the ultra-fine
electrocatalyst particles with a large surface area (3) and/or
the supporting substance therefor (4), and the solution
viscosity capable of affecting the coating thickness. There-
fore, the MI value at 270° C. of the proton-conductive
polymer (1) to be allowed to assume the primary presence
state 1n the present invention 1s preferably 10 or more, more
preferably 100 or more. Furthermore, the MI value at 150°
C. of this proton-conductive polymer (1) is preferably 10 or
more, more preferably 100 or more. When the MI value 1s
too low, the surface wettability for the electrocatalyst par-
ticles (3) and/or the supporting substance therefor (4) is
deteriorated, so that the formation of a polymer solution or
a dispersion of polymer fine particles becomes difficult. The
upper limit of the MI value of the proton-conductive poly-
mer (1) to be allowed to assume the primary presence state
in the present invention 1s not determined, and a liquid
oligomer obtamed by bonding two or more molecules of a
monomer can be used as the proton-conductive polymer (1)
so long as 1t has proton conductivity and surface affinity or
wettability for the electrocatalyst particles (3) or the sup-
porting substance therefor (4) and the proton-conductive
polymer (2) to be allowed to assume the secondary presence
state. However, considering the reproducibility of produc-
tion and the durability of the electrode, the MI value at 150°
C. 1s preferably 10000 or less more preferably 1000 or less.
In the present invention, the MI value of the precursor of the
proton-conductive polymer (1) to be allowed to assume the
primary presence state 1s preferably higher than the MI value
of the precursor of the proton-conductive polymer (2) to be
allowed to assume the secondary presence state.

Mar. 15, 2004

[0023] The proton-conductive polymer (2) to be allowed
to assume the secondary presence state i1n the present
invention 1s optimized while attaching importance to its
surface afhinmity, binding strength and durability for the
proton-conductive polymer (1) in the primary presence state
covering the electrocatalyst particles (3) and/or the support-
ing substance therefor (4), and its surface affinity, binding
strength and durability for the solid polymer electrolyte
membrane (5). Therefore, the MI value at 270° C. of the
precursor of the proton-conductive polymer (2) to be
allowed to assume the secondary presence state in the

present 1nvention ranges preferably from 0.1 to 100, more
preferably from 1 to 50. When this MI value 1s less than 0.1,
micelles 1n a dispersion of the polymer generally become
large, so that the surface wettability for the electrocatalyst
particles (3) and/or supporting substance therefor (4) cov-
ered with the proton-conductive polymer (1) in the primary
presence state, and the solid polymer electrolyte membrane
(5) or the electrode supports (6) is deteriorated, resulting in
an unsatisfactory microstructure in the electrode layer.
Moreover, since binding points are decreased, the binding
strength 1s undesirably decreased. When the MI value 1s too
high, micelles 1n a dispersion of the polymer become small,
and hence the surface wettability for the electrocatalyst
particles (3) and/or supporting substance therefor (4) cov-
ered with the proton-conductive polymer (1) in the primary
presence state, and the solid polymer electrolyte membrane
(5) i1s excessively enhanced, so that the formation of the
optimum microstructure 1n the electrode layer 1s undesirably
difficult. In addition, because of the low molecular weight,
the binding strength and the durability are undesirably low.
The size of micelles and the dispersion of molecules 1n a
liquid, however, are variable depending on the kind of
solvent, and the optimum state can be chosen within the
above range. The term “the optimum microstructure in the
clectrode layer” used herein means the following state: the
electrocatalyst particles (3) and the supporting substance
therefor (4) are at least partly covered with the proton-
conductive polymer (1) in the primary presence state, and
particles of the at least partly covered supporting substance
(4) are connected to one another by the proton-conductive
polymer (2) in the secondary presence state by spot or partial
adhesion, so that the electrode layer holds fine spaces
capable of permitting gas diffusion which are scattered in the
clectrode layer. The microstructure in the electrode layer in
the case where the aforesaid MI value 1s too low refers to the
following state: particles covered with the proton-conduc-
tive polymer (1) in the primary presence state cannot be
uniformly bound to one another, resulting 1n narrow proton
conduction regions and too wide gas diffusion spaces. The
microstructure 1n the electrode layer 1 the case where the
aforesaid MI value 1s too high refers to the following state:
particles covered with the proton-conductive polymer (1) in
the primary presence state are excessively bound to one
another, resulting 1n wide proton conduction regions and too
narrow gas diffusion spaces. For maintaining the transfer
and conduction of electrons 1n an electrocatalyst layer, it 1s
preferable in the microstructure that the proton-conductive
polymer (1) in the primary presence state does not com-
pletely cover the supporting substance (4) but partly covers
the supporting substance (4), or that the coating thickness of
this proton-conductive polymer (1) is small to such an extent
that the proton-conductive polymer (1) does not hinder or
hardly hinders the transfer and conduction of electrons.
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10024] The EW values of the proton-conductive polymers
(1) and (2) are optimized for the primary presence state and
secondary presence state, respectively, referred to herein.
The term “EW” used herein means the equivalent weight of
a proton-conductive 1on-exchange group. The equivalent
weight 1s the dry weight of the proton-conductive polymer
per equivalent of the 1on-exchange group and is expressed in
a unit “g/equivalent”. EW 1s measured by titrating a free-
acid type polymer with an aqueous sodium hydroxide stan-
dard solution.

[0025] The proton-conductive polymer (1) to be allowed
to assume the primary presence state 1n the present mvention
1s optimized while attaching importance to its surface affin-
ity for the electrocatalyst particles (3) and/or the supporting
substance therefor (4), and the case of formation of a
polymer solution capable of covering the ultra-fine electro-
catalyst particles with a large surface area (3) and/or the
supporting substance therefor (4). Therefore, the EW value
of the proton-conductive polymer (1) to be allowed to
assume the primary presence state 1n the present invention
ranges preferably from 500 to 1200, more preferably from
600 to 900. When the EW value 1s too low, the hydrophi-
licity 1s too high and the binding strength and durability for
the proton-conductive polymer (2) in the secondary presence
state are low, which 1s undesirable. When the EW wvalue 1s
too high, the proton conductivity 1s low, the surface affinity
for the electrocatalyst particles (3) and/or the supporting
substance therefor (4) is low, and the formation of a suitable
polymer solution 1s difficult.

[0026] The proton-conductive polymer (2) to be allowed
to assume the secondary presence state in the present
invention 1s optimized while attaching importance to its
surface afhinmity, binding strength and durability for the
proton-conductive polymer (1) in the primary presence state
covering the electrocatalyst particles (3) and/or the support-
ing substance therefor (4), and its surface affinity, binding
strength and durability for the solid polymer electrolyte
membrane (§). Therefore, the EW value of the proton-
conductive polymer (2) to be allowed to assume the sec-
ondary presence state 1n the present invention ranges prei-
erably from 850 to 1500, more preferably from 900 to 1300.
When the EW value 1s too low, the hydrophilicity 1s too high
and the binding strength and durability are low, which 1s
undesirable. When the EW value 1s too high, the proton
conductivity 1s low, the surface aflinity for the proton-
conductive polymer (1) in the primary presence state and the
solid polymer electrolyte membrane (5) is low, the binding
strength 1s low, and the formation of a satisfactory polymer

dispersion having the most suitable micelle diameter is
difficult.

[0027] In the present invention, each of the proton-con-
ductive polymers (1) to be allowed to assume the primary
presence state and the proton-conductive polymers (2) to be
allowed to assume the secondary presence state 1s used 1n the
form of a solution or dispersion 1n any of various solvents.
Preferable examples of the solvents are alcohols such as
methanol, ethanol, propanol, butanol, etc.; polar solvents
such as acetone, methyl ethyl ketone, ethyl acetate, propyl
acetate, butyl acetate, N,N-dimethylacetamide, N,N-dim-
ethyl-formamide, dimethyl sulfoxide, sulfolane, etc.; cyclic
cthers such as tetrahydrofuran, etc.; mixtures of two or more
members selected from the above groups of solvents; and
mixtures of water and solvent(s) selected from the above
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ogroups of solvents. In addition, mixed solvents of at least
one member selected from the above groups of solvents and
a fluorine-containing compound such as fluorocarbon, a
fluorine-containing alcohol or the like can also be used.

[0028] By the use of any of the above-exemplified sol-
vents, the proton-conductive polymer (1) to be allowed to
assume the primary presence state 1n the present invention
can be made 1nto a solution or a dispersion having a smaller
size ol dispersed particles, as compared with the proton-
conductive polymer (2) to be allowed to assume the sec-
ondary presence state. By the use of any of the above-
exemplified solvents, the proton-conductive polymer (2) to
be allowed to assume the secondary presence state in the
present invention can be made 1nto a dispersion having a
larger size of dispersed particles, as compared with the
proton-conductive polymer (1) to be allowed to assume the
primary presence state. Dispersed particles 1n the dispersion
form micelles containing the solvent in particles, and the
size of the micelles can be measured by a light scattering
method. Usually, the size of dispersed particles of the
proton-conductive polymer (2) to be allowed to assume the
secondary presence state in the present invention ranges
preferably from 50 to 1000 nm, more preferably from 100 to
600 nm. When the size of dispersed particles 1s outside the
above range, the microstructure 1n the electrode layer
becomes unsatisfactory, which 1s undesirable. The size of
dispersed particles of the proton-conductive polymer (1) to
be allowed to assume the primary presence state 1n the
present invention 1s preferably in a range of a dissolved state
to 100 nm, more preferably 1n a range of a dissolved state to
50 nm. When the size of dispersed particles 1s outside this
range, covering of the electrocatalyst particles (3) or the
supporting substance therefor (4) becomes difficult or the
coating thickness becomes too large, which i1s undesirable.

[0029] The concentration of the polymer solution or dis-
persion used 1n the present invention ranges preferably from
0.1 to 20 wt %. The concentration of the solution or
dispersion of the proton-conductive polymer (1) ranges
preferably, 1n particular, from 0.1 to 10 wt %. The concen-
tration of the solution or dispersion of the proton-conductive

polymer (2) ranges preferably, in particular, from 3 to 20 wt
%.

[0030] When the concentration of the solution or disper-
sion 1S too low, uniform covering of the electrocatalyst
particles (3) or the supporting substance therefor (4) is
undesirably difficult. When this concentration 1s too high,
the solubility or dispersibility of the polymer in the solution
or dispersion 1s low, so that the dispersibility of the polymer
onto the electrocatalyst particles (3) or the supporting sub-
stance therefor (4) is low and that the polymer adheres to or
covers the electrocatalyst particles (3) or the supporting
substance therefor (4) too thickly, which is undesirable.

[0031] The term “the primary presence state of a proton-
conductive polymer” used herein means a state 1n which the
proton-conductive polymer covers the electrocatalyst par-
ticles (3) and/or the catalyst-supporting substance therefor
(4). The term “the secondary presence state of a proton-
conductive polymer” used herein means a state 1n which a
large portion of the proton-conductive polymer binds par-
ticles of the catalyst-supporting substance (4) containing the
electrocatalyst particles (3) to one another or to the solid
polymer electrolyte membrane (§). For realizing these states
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to form the above-mentioned optimum microstructure in the
catalyst layer, the following various production processes
are suitable.

10032] All of the following various production processes
are processes for producing an electrode by fixing a mixture
of solutions or dispersions of proton-conductive polymers,
respectively, electrocatalyst particles and a catalyst-support-
ing substance therefor, and are characterized mainly by a
method for mixing the proton-conductive polymers.

[0033] One of the processes 1s a production process char-
acterized by comprising a step of mixing a solution prepared
by dissolving the proton-conductive polymer (1) to be
allowed to assume the primary presence state, in water or a
solvent, a dispersion prepared by dispersing the proton-
conductive polymer (2) to be allowed to assume the sec-
ondary presence state, in the form of micelles 1n water or an
aqueous solvent, and at least the electrocatalyst particles (3)
and the supporting substance therefor (4).

[0034] Another process is a production process character-
1zed by comprising a step of mixing a dispersion in which
the proton-conductive polymer (1) to be allowed to assume
the primary presence state 1s dispersed 1n water or a solvent
in such a dispersed state that the size of dispersed particles
is smaller than that of the proton-conductive polymer (2) to
be allowed to assume the secondary presence state; a dis-
persion in which the proton-conductive polymer (2) to be
allowed to assume the secondary presence state 1s dispersed
in water or a solvent 1n such a dispersed state that the size
of dispersed particles 1s larger than that of the proton-
conductive polymer (1) to be allowed to assume the primary
presence state; and at least the electrocatalyst particles (3)
and the supporting substance therefor (4).

[0035] Further another process is a production process
characterized by comprising a step of mixing a solution
prepared by dissolving the proton-conductive polymer (1) to
be allowed to assume the primary presence state, in water or
a solvent, and at least the electrocatalyst particles (3) and the
supporting substance therefor (4), and then mixing therewith
a dispersion of the proton-conductive polymer (2) to be
allowed to assume the secondary presence state.

[0036] Still another process is a production process char-
acterized by comprising a step of mixing a dispersion 1n
which the proton-conductive polymer (1) to be allowed to
assume the primary presence state 1s dispersed 1n water or a
solvent so as to have a size of dispersed particles which 1s
smaller than that of the proton-conductive polymer (2) to be
allowed to assume the secondary presence state; and at least
the electrocatalyst particles (3) and the supporting substance
therefor (4), and then mixing therewith a dispersion of the
proton-conductive polymer (2) to be allowed to assume the
secondary presence state.

[0037] As still another production process, it 1S also pos-
sible to precipitate the electrocatalyst particles (3) in a liquid
containing the proton-conductive polymer (1) and the cata-
lyst-supporting substance (4), and then mix a dispersion of
the proton-conductive polymer (2) therewith. As still
another production process, 1t 1s also possible to precipitate
the electrocatalyst particles (3) in a liquid containing the
proton-conductive polymer (1) and the catalyst-supporting
substance (4), dry the liquid or make the proton-conductive
polymer (1) insoluble or slightly soluble, and then mix a
dispersion of the proton-conductive polymer (2) therewith.

Mar. 15, 2004

[0038] In any of the processes, an ultrasonic homogenizer
and a method using a commonly used rotary dispersing
apparatus can be employed when the solution(s) or disper-
sion(s) of the proton-conductive polymer(s), the electrocata-
lyst particles and the supporting substance therefor are
mixed.

[0039] In a preferable embodiment of the present inven-
tion, the proton-conductive polymer (1) in the primary
presence state 1s 1nsoluble or slightly soluble 1n water or
methanol at the time of use 1n a fuel cell. Particularly when
the proton-conductive polymer (1) to be allowed to assume
the primary presence state 1s soluble 1n water or methanol,
it 1s preferably insolubilized.

[0040] Therefore, the following is preferable: a solution
prepared by dissolving the proton-conductive polymer (1) to
be allowed to assume the primary presence state, in water or
a solvent 1s mixed with at least the electrocatalyst particles
(3) and the supporting substance therefor (4), and then the
proton-conductive polymer (1) to be allowed to assume the
primary presence state 1s made soluble or difficultly
soluble, after which a dispersion of the proton-conductive
polymer (2) to be allowed to assume the secondary presence
state 1s mixed therewith.

[0041] Also in the case of the dispersion in which the
proton-conductive polymer (1) to be allowed to assume the
primary presence state 1s dispersed 1n water or a solvent so
as to have a size of dispersed particles which 1s smaller than
that of the proton-conductive polymer (2) to be allowed to
assume the secondary presence state. The following i1s
preferable: this dispersion 1s mixed with at least the elec-
trocatalyst particles (3) and the supporting substance there-
for (4), and then the proton-conductive polymer (1) to be
allowed to assume the primary presence state 1s made
insoluble or slightly soluble, after which a dispersion of the
proton-conductive polymer (2) to be allowed to assume the
secondary presence state 1s mixed therewith.

[0042] As to a method for making the proton-conductive
polymer (1) to be allowed to assume the primary presence
state 1nsoluble or slightly soluble, the proton-conductive
polymer (1) to be allowed to assume the primary presence
state is mixed with at least the electrocatalyst particles (3)
and the supporting substance therefor (4), and then, if
necessary, reacted with an insolubilizer with heating after or
without removing the water or solvent by drying.

[0043] When the water or solvent is removed by drying,
the proton-conductive polymer (1) can be made insoluble or
slightly soluble by heat treatment at preferably 150° C. or
higher.

10044] Without removing the water or solvent by drying,
the proton-conductive polymer (1) can be made insoluble or
slightly soluble by adding a small amount of a polyvalent
metal salt such as calcium chloride, magnesium chloride,
aluminum chloride or the like as an insolubilizer, followed
by mixing, reaction, filtration, purification and drying.

[10045] After or without removing the water or solvent by
drying, the proton-conductive polymer (1) can be made
insoluble or slightly soluble by adding as a crosslinking
agent a small amount of a compound having two or more
functional groups reactive with the alkali-reactive functional
groups of the proton-conductive polymer (1), followed by
mixing, reaction, filtration, purification and drying. Such a
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crosslinking agent includes ethylene glycol, glycerol, gly-
cidol, ethylenediamine, hexamethylenediamine, hexameth-
ylene diisocyanate, etc.

[0046] The proportion of the insolubilizer or crosslinking
agent added 1 a small amount should correspond to not
more than one-half, preferably not more than one-fourth, the
cequivalent weight for alkali-reactive functional group of the
proton-conductive polymer (1). This is because the alkali-
reactive functional groups of the proton-conductive polymer
(1) should achieve proton conduction and adhesion to the
electrocatalyst particles (3) or the supporting substance (4)
and then should contribute to making the proton-conductive
polymer (1) insoluble or slightly soluble.

10047] After a small amount of the insolubilizer or
crosslinking agent 1s added and mixing and reaction are
carried out but not filtration, purification and drying, a
dispersion of the proton-conductive polymer (2) to be
allowed to assume the secondary presence state can be
added, followed by mixing.

[0048] The proton-conductive polymer (1) to be allowed
to assume the primary presence state 1s preferably used 1n a
concentration at which neither the electrocatalyst particles
(3) nor the supporting substance (4) are aggregated by the
treatment for making the proton-conductive polymer (1)
insoluble or slightly soluble. When the aggregation occurs,
it 1s possible to grind the aggregates finely, add a dispersion
of the proton-conductive polymer (2) to be allowed to
assume the secondary presence state, and conduct mixing.

[0049] Various methods can be adopted for forming an
clectrode by fixing the particle dispersion obtained above
which constitutes an electrocatalyst layer. The methods
include, for example, a method 1n which said dispersion 1is
applied on a polytetrafluoroethylene (PTFE) film, dried,
shaped and then transferred to the surface of a solid polymer
clectrolyte membrane; a method 1in which said dispersion 1s
applied on an electrode support treated so as to be 1imper-
meable to the dispersion, dried and then joined to or brought
into contact with a solid polymer electrolyte membrane; and
a method 1 which the 1on-exchange groups of a solid
polymer electrolyte membrane are converted to Na type
ogroups, alter which said dispersion 1s applied on the solid
polymer electrolyte membrane and dried with heating, and
then the 1on-exchange groups are reconverted to H type
ogroups. The proton-conductive polymers cannot have a
suflicient conductivity unless they are finally of a proton
type. In order to improve the heat resistance of a solid
polymer electrolyte membrane and the proton-conductive
polymers during joining, it 1s also possible to substitute each
proton-conductive polymer with a monovalent metal 10on
(e.g. a sodium ion or a potassium ion) or a divalent or
trivalent metal 10n, heat-treat the substituted proton-conduc-
tive polymer, and then finally convert this proton-conductive
polymer to a proton type polymer.

[0050] As to the amount of the proton-conductive poly-
mers present in the electrocatalyst layer, the ratio of the total
weight of the proton-conductive polymer (1) in the primary
presence state and the proton-conductive polymer (2) in the
secondary presence state to the weight of the supported
catalyst ranges preferably from 0.1 to 10, more preferably
0.2 to 2. As to the amount of the proton-conductive polymer
(1) in the primary presence state, the weight ratio of this
polymer to the supported catalyst ranges preferably from
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0.01 to 1, more preferably 0.01 to 0.5. As to the amount of
the proton-conductive polymer (2) in the secondary presence
state, the weight ratio of this polymer to the supported
catalyst ranges preferably from 0.1 to 10, more preferably
0.2 to 2.0. When the amount of the proton-conductive
polymer (1) in the primary presence state is too small, the
utilization factor of the catalyst 1s undesirably low. When the
amount of the proton-conductive polymer (2) in the second-
ary presence state 1s too small, binding of particles of the
supporting substance to one another and to the solid polymer
electrolyte membrane (5) and a gas-diffusion electrode layer
1s 1nsuificient, so that the transfer and conduction of protons
1s undesirably msuflicient. When the amount of the proton-
conductive polymer (1) in the primary presence state is too
large, the transfer and conduction of a gas and electrons are
undesirably insufficient. When the amount of the proton-
conductive polymer (2) in the secondary presence state is
too large, the microstructure in the electrode layer i1s unsat-
isfactory, so that the conduction of a gas and electrons 1s
undesirably insufficient. Therefore, good results can be
ogenerally obtained when the weight of the polymer 1n the
primary presence state 1s lighter than that of the polymer in
the secondary presence state.

[0051] In the solid polymer electrolyte membrane (5) used
for constructing a fuel cell by the use of the electrode of the
present mvention, a material similar in kind to the proton-
conductive polymers referred to herein can be used. That 1s,
polymers composed of a fluorine-containing polymer as a
skeleton and having groups of at least one kind selected from
sulfonic acid group and carboxylic acid group are preferable
as said material. Membranes of such polymers different in
EW can be laminated, and membranes of such polymers can
be reinforced with fibrils, woven fabric, nonwoven fabric, a
microporous membrane or the like and can be reinforced by

coating the membrane surface with an 1norganic oxide or a
metal.

[0052] The electrode support (6) used for constructing a
fuel cell by the use of the electrode of the present mnvention
functions as a gas-diffusion layer, a current collector or a
support, and electroconductive porous woven fabric or non-
woven fabric such as carbon paper, carbon cloth or the like
is used as the electrode support (6).

[0053] The eclectrode of the present invention can be
incorporated with polytetrafluoroethylenes and other fluo-
roresins, which are for enhancing water repellency and air
permeability; carbon fiber and other electroconductive mate-
rials which are for enhancing the electroconductivity; and
other materials, besides the above-mentioned electrocatalyst
particles (3), supporting substance therefor (4) and proton-
conductive polymers (1) and (2).

[0054] The present invention 1s illustrated below in further
detail with reference to examples, which should not be
construed as limiting the scope of the invention.

EXAMPLE 1

[0055] Platinum-catalyst-supporting carbon (content of
supported platinum: 40 wt %) (mfd. by E-TEK Corp., USA)
and a 0.5 wt % solution of a proton type perfluorocarbon

sulfonic acid polymer resin (1) (mfd. by ASAHI Chemical
Industry Co., Ltd.; EW=820, MI=210 (measuring tempera-
ture: 150° C.), composition of solvent: ethanol/water=50/50)
were mixed and stirred so that the weight ratio of the
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platinum catalyst to the polymer was 10:4, to obtain a paste.
The paste was heated at 160° C. for 30 minutes to prepare
a polymer-coated platinum catalyst previously.

[0056] Then, the polymer-coated platinum catalyst and a 5
wt % solution of a proton type pertluorocarbon sulfonic acid
polymer resin (2) having an EW value of 1030 and a MI
value of 20 (measuring temperature: 270° C.) (mfd. by
ASAHI Chemical Industry Co., Ltd.; composition of sol-
vent: the same as above) were mixed so that the weight ratio
of the platinum catalyst to this polymer was 10:4. The
resulting mixture was subjected to uniform dispersion with
an ultrasonic homogenizer to prepare a paste. This paste was
applied on polytetrafluoroethylene sheets by the use of a
200-mesh screen, dried at 100° C. 1n the air to be fixed,
whereby catalyst sheets supporting platinum thereon 1n an
amount of 0.2 mg/cm* were obtained.

[0057] The two catalyst layer sheets thus obtained were
placed facing each other. A perfluorocarbon sulfonic acid
membrane having an EW value of 950 and a thickness of
100 um (mfd. by ASAHI Chemical Industry Co., Ltd.) was
held between the catalyst layer sheets, followed by hot
pressing at 150° C. and a pressure of 50 keg/cm®. Then, the
polytetra-fluoroethylene sheets on both sides were peeled off
to produce a membrane-electrodes assembly.

0058] As electrode supports, carbon papers of about 200
um 1n thickness (mfd. by TORAY Industries Inc.) were
previously immersed in a tetrafluoroethylene dispersion (60
wt %) and then sintered at 340° C. to be impregnated with
the dispersion 1n an amount of 20 wt % based on the weight
of the carbon paper. The void content of the impregnated
carbon papers was 70%.

[0059] The membrane-clectrodes assembly and the elec-
trode supports (6) thus obtained were set in an apparatus for
evaluating a single cell for fuel cell, and a single cell
characteristics test was carried out at atmospheric pressure
and a cell temperature of 70° C. by using hydrogen gas as
a Tuel and air as an oxidizing agent. The hydrogen gas was
moistened at 80° C. and the air was supplied to the cell as
it was without moistening. Output voltages of 0.732 V and
0.630 V were obtained at current densities of 0.5 A/cm” and
1.0 A/cm?, respectively.

[0060] Also in the following examples and comparative
cxamples, the tests were carried out by employmg the same
membrane-electrodes joining method, diffusion layers, and
single cell operating conditions as descrlbed above.

EXAMPLE 2

[0061] The same 0.5 wt % proton type perfluorocarbon
sulfonic acid polymer resin (1) solution as above and the
same 5 wt % proton type pertluorocarbon sulfonic acid
polymer resin (2) solution as above were mixed at the same
time with platinum-catalyst-supporting carbon (content of
supported platinum: 40 wt %) (mfd. by E-TEK Corp., USA)
so that the weight ratio of the platinum catalyst to the former
polymer and the weight ratio of the platinum catalyst to the
latter polymer was 10:1 and 10:4, respectively. The resulting
mixture was subjected to uniform dispersion with an ultra-
sonic homogenizer to prepare a paste. This paste was applied
on polytetrafluoroethylene sheets by the use of a 200-mesh
screen, dried at 120° C. in the air to be fixed, whereby
catalyst sheets supporting platinum thereon 1n an amount of
0.21 mg/cm” were obtained. The two catalyst layer sheets
thus obtained were placed facing each other. Thereafter, a
membrane-electrodes assembly was produced by the same
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method as 1n Example 1. Output voltages of 0.718 V and
0.611 V were obtained at current densities of 0.5 A/cm” and
1.0 A/cm”, respectively.

EXAMPLE 3

[0062] A5 wt % solution of a proton type perfluorocarbon
sulfonic acid polymer resin (3) (mfd. by ASAHI Chemical
Industry Co., Ltd.; EW=680, MI=2060 (measuring tempera-
ture: 270° C.), composition of solvent: ethanol/water=50/50)
was mixed with platinum-catalyst-supporting carbon (con-
tent of supported platinum: 40 wt %) (mfd. by E-TEK Corp.,
USA) so that the weight ratio of the platinum catalyst to the
polymer was 10:5. The resulting mixture was subjected to
uniform dispersion to obtain a paste. A 5 wt % solution of
a proton type perﬂuorocarbon sulfonic acid polymer resin
(4) having an EW value of 910 and a MI value of 20 (mid.
by the same company as above; composition of solvent: the
same as above) was mixed with the paste so that the weight
ratio of the platinum catalyst to this polymer was 10:4. The
resulting mixture was subjected to uniform dispersion with
an ultrasonic homogenizer to prepare a paste. Using this
paste, catalyst sheets supporting platinum thereon i1n an
amount of 0.2 mg/cm”® were obtained by the use of a
200-mesh screen 1n the same manner as 1n Example 1.

[0063] The two catalyst layer sheets thus obtained were
placed facing each other, and a fuel cell was produced 1n the
same manner as 1n Example 1 and evaluated 1n the same
manner as in Example 1.

[0064] Output voltages of 0.700 V and 0.60 V were

obtained at current densities of 0.5 A/cm® and 1.0 A/cm=,
respectively.

COMPARAITIVE EXAMPLE 1

[0065] A 5 wt % solution of the proton type perfluorocar-
bon sulfonic acid polymer resin (4) was added to platinum-
catalyst-supporting carbon (content of supported platinum:
40 wt %) (mfd. by E-TEK Corp., USA) so that the weight
ratio of the platinum catalyst to the polymer was 2:1. The
resulting mixture was subjected to uniform dispersion with
an ultrasonic homogenizer to prepare a paste. In the same
manner as 1n Example 1, the paste was applied on polytetra-
fluoroethylene sheets by the use of a 200-mesh screen, dried
at 100° C. 1n the air to be fixed, whereby catalyst sheets
supporting platinum thereon in an amount of 0.22 mg/cm”
were obtained. A fuel cell was produced in the same manner
as 1n Example 1 except for using these catalyst sheets, and
was evaluated.

[0066] Output voltages of 0.53 V and 0.25 V were
obtained at current densities of 0.5 A/cm~® and 1.0 A/cm=,
respectively.

[0067] The roughness factor (catalyst utilization factor)
values of the platinum catalysts used i1n the cathode in
Examples 1, 2 and 3 and Comparative Example 1 were
determined from the area of a hydrogen desorption peak 1n
a cyclic voltanogram and found to be 195, 155, 160 and 54,
respectively.

INDUSTRIAL APPLICABILITY

[0068] The eclectrode of the present invention can be
utilized as an electrode for solid polymer electrolyte fuel
cells as a substitute power source for automobiles, a co-
generation system for domestic use, and portable electric
generators.
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1. An electrode for solid polymer electrolyte fuel cell
comprising a catalyst layer comprising at least electrocata-
lyst particles (3), a supporting substance therefor (4) and
proton-conductive polymers (1) and (2), wherein the proton-
conductive polymer (1) is present in a primary presence state
in which the proton-conductive polymer (1) covers the
electrocatalyst particles (3) or the catalyst-supporting sub-
stance therefor (4), or both at least partly; the proton-
conductive polymer (2) 1s present in a secondary presence
state 1n which a large portion of the proton-conductive
polymer (2) binds particles of the catalyst-supporting sub-
stance (4) containing the electrocatalyst particles (3) to one
another or to a solid polymer electrolyte membrane; and the
melt viscosity of the proton-conductive polymer (1) is lower
than the melt viscosity of the proton-conductive polymer
(2).

2. An electrode for fuel cell according to claim 1, wherein
the MI (melt index measured at 270° C., according to ASTM
standard D1238) value of a precursor of the proton-conduc-
tive polymer (1) is 10 or more and is higher than the MI
(melt index measured at 270° C., according to ASTM
standard D1238) value of a precursor of the proton-conduc-
tive polymer (2), and the MI value of the precursor of the
proton-conductive polymer (2) ranges from 0.1 to 100.

3. An electrode for fuel cell according to claim 1, wherein
the MI (melt index measured at 150° C., according to ASTM
standard D1238) value of a precursor of the proton-conduc-
tive polymer (1) is 10 or more and is higher than the MI
(melt index measured at 270° C., according to ASTM
standard D1238) value of a precursor of the proton-conduc-
tive polymer (2), and the MI value of the precursor of the
proton-conductive polymer (2) to be allowed to assume the
secondary presence state ranges from 0.1 to 100.

4. An electrode for fuel cell according to claim 1, wherein
the equivalent weight value and melt viscosity of the proton-
conductive polymer (1) are lower than those of the proton-
conductive polymer (2).

5. An electrode for fuel cell according to claim 1, wherein
the EW value of the proton-conductive polymer (1) ranges
from 500 to 1200, and the EW value of the proton-conduc-
tive polymer (2) ranges from 850 to 1500.

6. An clectrode for fuel cell according to claim 1, wherein
the proton-conductive polymers (1) and (2) are perfluoro-
carbon copolymers having sulfonic acid groups.

7. An electrode for fuel cell according to claim 1, wherein
the proton-conductive polymer (1) i1s insoluble or slightly
soluble 1 water or methanol.

8. An electrode for fuel cell according to claim 1, wherein
the amount of the proton-conductive polymer (1) adhered is
smaller than the amount of the proton-conductive polymer
(2) adhered.

9. A process for producing an electrode for solid polymer
clectrolyte fuel cell comprising forming the electrode by
fixing a mixture of solutions or dispersions of proton-
conductive polymers, respectively, electrocatalyst particles
and a catalyst-supporting substance therefor, which com-
prises a step of mixing a solution of the proton-conductive
polymer (1) in water or a solvent, a dispersion of the
proton-conductive polymer (2) dispersed in the form of
micelles 1n water or a solvent, the electrocatalyst particles
(3) and the catalyst-supporting substance therefor (4).

10. A process for producing an electrode for solid polymer
clectrolyte fuel cell comprising forming the electrode by
fixing a mixture of dispersions of proton-conductive poly-
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mers, electrocatalyst particles and a catalyst-supporting sub-
stance therefor, which comprises a step of mixing a disper-
sion of the proton-conductive polymer (1) dispersed in water
or a solvent so as to have a size of dispersed particles which
is smaller than that of the proton-conductive polymer (2), a
dispersion of the proton-conductive polymer (2), and at least
the electrocatalyst particles (3) and the catalyst-supporting
substance therefor (4).

11. A process for producing an electrode for solid polymer
clectrolyte fuel cell comprising forming the electrode by
fixing a mixture of solutions or dispersions of proton-
conductive polymers, electrocatalyst particles and a catalyst-
supporting substance therefor, which comprises (a) a step of
mixing a solution or dispersion 1n water or a solvent of the
proton-conductive polymer (1) which has an MI value
higher than that of the proton-conductive polymer (2) and a
precursor of which has an MI (melt index measured at 270°
C., according to ASTM standard D1238) value of 10 or
more, the electrocatalyst particles (3) and the catalyst-
supporting substance therefor (4), to produce a catalyst at
least partly covered with the proton-conductive polymer (1),
and (b) a step of mixing the catalyst obtained in the step (a)
with a dispersion 1n water or a solvent of the proton-
conductive polymer (2) a precursor of which has an MI (melt
index measured at 270° C., according to ASTM standard
D1238) value in a range of 0.1 to 100.

12. A process for producing an electrode for solid polymer
clectrolyte fuel cell according to claim 11, wherein the MI
(melt index measured at 270° C., according to ASTM
standard D1238) value of the precursor of the proton-
conductive polymer (1) is more than 100.

13. A process for producing an electrode for solid polymer
clectrolyte fuel cell comprising forming the electrode by
fixing a mixture of solutions or dispersions of proton-
conductive polymers, electrocatalyst particles and a catalyst-
supporting substance therefor, which comprises the steps of
mixing a dispersion of the proton-conductive polymer (1)
dispersed 1n water or a solvent so as to have a size of
dispersed particles which 1s smaller than that of the proton-
conductive polymer (2), and at least the electrocatalyst
particles (3) and the catalyst-supporting substance therefor
(4), and then mixing a dispersion of the proton-conductive
polymer (2) therewith.

14. A process for producing an electrode for solid polymer
clectrolyte tuel cell according to any one of claims 9 to 13,
characterized in that the proton-conductive polymers (1) and
(2) are perfluorocarbon copolymers having sulfonic acid
gTroups.

15. A process for producing an electrode for solid polymer
clectrolyte fuel cell comprising forming the electrode by
fixing a mixture of solutions or dispersions of proton-
conductive polymers, electrocatalyst particles and a catalyst-
supporting substance therefor, which comprises (a) a step of
mixing a solution or dispersion of the proton-conductive
polymer (1) in water or a solvent, the electrocatalyst par-
ticles (3) and the catalyst-supporting substance therefor (4),

(b) a step of making the proton-conductive polymer (1) on
the catalyst obtained in the step (a) insoluble or slightly
soluble, and

(c) a step of mixing a dispersion of a proton-conductive
polymer (2) with the catalyst obtained in the step (b).
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